The characteristics of the particulate mouse centromere enriched fraction from isolated nuclei obtained in our laboratory were investigated by indirect immunofluorescence, test of the activity of microtubule organizing center(MTOC), SDS-PAGE, and fluorescence in situ hybridization. Most of the particles of the fraction are complexes of DNA and kinetochore proteins and show MTOC activity. The DNA isolated from the fraction can hybridize with DNA in the regions of the primary constrictions of all chromosomes of ascites cells. The kinetochore proteins isolated from the fraction are mainly those with molecular weight of 55 KD and 59 KD. Results suggested that the fraction obtained is a centromere enriched nuclear fraction as indicated in our previous report
INTRODUCTION
Spindle fiber attachments (SFAs) or centromeres are chromosomal organelles which are necessary for regular anaphase separation of chromatids or homologous chromosomes from each other in meiosis or in mitosis respectively. Recent investigations on them have achieved a great progress. It has now become possible to define them more clearly as the structures formed by specific segments or sequences of chromosome DNA and their specifically bound proteins, the kinetochore proteins. As revealed by immunofluorescence studies with human CREST anticentromeric sera [1] , they maintain their structure identity throughout the cell cycle. At metaphase of normal cell division they attach to or organize kinetochore microtubules. In cell free system supplemented with tubulin, they show the activity of microtubule organizing center.
The characteristics of SFAs or centromeres can be determined by methods now available. In short, their bound proteins, the kinetochore proteins, can be identified by human CREST anticentromeric sera, while their DNA, by either its specifically bound kinetochore proteins or its specific sites, namely the primary constrictions of the metaphasic chromosomes. The MTOC activity can be tested by incubating them with tubulin solution. Previously we have reported that mouse SFAs can be enriched greatly by a procedure consisting of treatment with concentrated salt solution, shearing with sonication, and centrifugation from interphasic nuclei [2] . By this procedure a particle preparation is obtained. In this report, the characteristics of the particles in the preparation determined by the above mentioned methods are given.
MATERIAL AND METHODS

SFA enrichment method
The nuclei of Ehrlich ascites cells were isolated by conventional method. The SFA-enriched nuclear fraction was prepared according to Shi et al. [2] Indirect immunofluorescence The SFA specific antiserum was obtained from human scleroderma CREST patients. Indirect immunofluorescence method according to Ni et al [3, 4] was adopted for detecting the presence of SFAs. The SFA-enriched fraction was suspended in PBS followed by centrifuging the suspension onto slides. After fixation with PLP, the slides were processed for immunofluorescence observation. The slides were counter-stained with Hoechst 33258.
Protein analysis and immunoblotting
The proteins of SFA-enriched fraction were analyzed by SDS-PAGE according to Lamelli. The kinetochore proteins were detected by immunoblotting with SFA specific antiserum, the 2nd antibody used was peroxidase labelled goat-anti human IgG.
Fluorescent In situ hybridization (FISH)
The DNA isolated from the SFAs enriched fraction was biotin labelled with photobiotin according to Forster et al [5] . After labelling, DNA was store in 100% formamide until use. The cells were denatured in 70% formamide at 70℃ for 3 min and labelled DNA was denatured in 100% formamide at 75℃ for 10 min before use. The concentration of the labelled DNA used in the hybridization was approximately 5 μg /ml in 50% formamide, 10% dextran sulfate, 1% BSA, 2 × SSC. Hybridization took place at 37℃, for 18 h. The slides were then washed successively in 50% formamide in 2×SSC at 37℃, in 2×SSC at 37℃, and in 2×SSC at room temperature. They were stained with avidin conjugated to FITC in 4×SSC and FITC anti-avidin.
Test for the activity of microtubule organizing center (MTOC test)
The particles of SFA-enriched fraction was suspended in a 2 mg /ml tubulin solution in assembly buffer. The mixture was then incubated at 37 。 C for 2 h. At the end of incubation, the mixture was processed for electron microscopy. Alcoholic phosphotungstic acid was used for staining.
Tubulin was prepared according to Rosenbaum [6] . The tubulin preparation used in the present investigation was obtained from 3 cycles of polymerization depolymerization, without further purification.
RESULTS
Indirect immunofluorescence observation with specific SFAs antiserum
Previous works from various laboratories showed that human CREST serum can specifically decorate the SFAs or centromeres. The presence of SFAs or centromeres can be detected by this specific antiserum. Thus, the preparation of enriched SFAs was centrifuged onto slides with cytospin and processed for indirect immunofluorescence with the specific serum for obervation. In preparing the control slides, PBS was used instead of specific antiserum. Hoechst 33258 was employed as counter stain. The result was shown in Fig 1. In the experimental slides numerous fluorescent specks appeared under fluorescent microscope while only a few such specks in the control slides. Moreover, many particles which were decorated by specific SFAs antiserum were simultaneously stained by Hoechst 33258 known as DNA specific dye, Fig 2 . The activity of microtubule organizing center (MTOC) of the enriched SFAs
The SFAs of metaphase chromosomes in cell or in vitro can attach to or organize kinetochore microtubules. This phenomenon may be denoted as MTOC activity. Previouly, evidences have been found in our laboratory that nuclei devoid of nuclear membrance have MTOC activity [7] . The MTOC activity of the preparation of en- riched SFAs was tested since it is derived from isolated nuclei. Thus, SFA-enriched nuclear fraction was incubated with tubulin. The result was shown in Fig 3. It can be seen that many particles of the nuclear fraction obtained by our procedure associate with microtubules. This indicates that the preparation contains particles expressing MTOC activity.
Proteins of the enriched SFAs
The proteins of SFA-enriched nuclear fraction were analysed by, SDS PAGE. The result was shown in Fig 4. In comparison with whole nuclear extract, SFAs enriched fraction contained very little histones. This was expected when the high concentration of NaCl used in the procedure for obtaining the fraction was considered.
The characteristics of SFAs enriched fraction The proteins in the gel after SDS PAGE were transferred onto a sheet of nitrocellulose paper. Then the paper was immunoblotted with SFAs specific antiserum. The result was shown in Fig 4. The distinct protein bands were those with molecular weights of 55 KD and 59 KD. The 59 KD protein had been found to be localized in the primary constriction of mouse mitotic chromosomes [8] . The localization of the DNA isolated from the SFA-enriched fraction
The DNA of the SFA-enriched nuclear fraction was isolated by SDS -proteinase K method. The DNA was then biotin labelled by the photobiotin method, and used for in situ hybridization. Fig 5 showed that, the labelled DNA from the mouse SFAenriched nuclear fraction hybridized with DNA situating in the primary constriction regions of all mitotic chromosomes of ascites cells. No hybridization signal from other regions of the mitotic metaphase chromosomes was detectable. Therefore, the DNA obtained was from the primary constriction regions of mitotic metaphase chro-mosomes. It can be seen from the figure that in interphasic nuclei the DNA isolated distributed itself in the form of scattered small dots of varying size.
DISCUSSION
The results obtained from the present investigation indicated that the particulate preparation isolated from mouse interphasic nuclei by our procedures [2] was truly a nuclear fraction of enriched SFAs or centromeres. The main lines of evidence are summarized as follows.
(1) Most of the particles of the enriched preparation can be decorated by human CREST specific anticentromeric sera. These particles are also stained by DNA specific dye, Hoechst 33258, simultaneously.
(2) Many particles of the preparation can attach to or organize microtubules when the preparation is incubated with tubulin solution.
(3) The proteins of the preparation contain kinetochore proteins. (4) The DNA of the preparation hybridizes solely with DNA in the primary constriction region of all metaphase chromosomes of ascites cells.
Since the procedures used in the preparation of the enriched SFAs is quite similar to that of preparing the nuclear matrix, the protein of the SFA-enriched fraction should be similar to some protein component of nuclear matrix. In the SFA-enriched fraction of mouse interphasic nuclei, the main kinetochore proteins revealed by Western blot with CREST serum were those with molecular weights, 55 KD and 59 KD. The 59 KD had been found in mitotic chromosomes of mouse fibroblasts. The presence of these in our preparation might mean that they were localized protein components of nuclear matrix in ascites cells. The localities of these proteins could serve as the binding sites for the SFA-DNA.
The demonstration of MTOC activity of many particles in SFA-enriched fraction raised some concern about the specific kinetochore protein which could be linked to microtubules. In Hela cells, evidences had been found suggesting that CENP-B could bind to MAPs and function to link the microtubules to the kinetochore [9] . However, the main kinetochore proteins found in the SFA-enriched preparation were 55 KD and 59 KD proteins. No distinct band of 80 KD protein was detected. Yet many particles in the enriched preparation showed MTOC activity. In mouse cells further research along this line is needed.
The DNA isolated from the preparation was found by in situ hybridization to be derived from the primary constriction region of all metaphase chromosomes of ascites cells. However, this finding did not necessarily mean that the isolated DNA consists entirely of the SFA DNA or centromeric DNA, since mouse satellite DNA was also located in the same region.
